We attempt to extract the angle γ of the Cabibbo-Kobayashi-Maskawa matrix by the inclusive B → X d ℓ + ℓ − decay in the Standard Model. An independent information for the angle is coming out from the non-trivial contribution due to CP violation factor, which induces CP asymmetry in the channel. The decay rate and asymmetries are examined with including the long-distance contributions due to vector-mesons as well as the momentum dependences of the vector-mesons, that would reduce the long-distance backgrounds in the process. It is shown that in the low dilepton invariant mass region, the branching-ratio for any dilepton final states and the lepton polarization asymmetry for dimuon final state would be sensitive to the CP violation contribution in addition to the trivial CP asymmetry. On the other hand, in the high dilepton invariant mass region, the contribution is tiny that make it a good probe to confirm the measurement of x d in addition to the present data from B 0 d −B 0 d mixing. * On leave from P3FT-LIPI, Indonesia.
Introduction
The hope that B → X s ℓ + ℓ − decay will be within experimental reach in the near future [1] encourage us to consider another similar channel, B → X d ℓ + ℓ − decay.
These decays are important probes of the effective Hamiltonian governing the flavorchanging neutral current (FCNC) transition b → q ℓ + ℓ − , with q = s or d and ℓ's denote leptons, as written below [2] ,
where L/R ≡ (1 ∓ γ 5 )/2, q µ denotes four-momentum of the dilepton and s = q 2 .
Notations with hat on the top means it is normalized with m b .
However, in the present paper the interest is focused on the b → d ℓ + ℓ − decay, since theoretically the channel is more interesting, that is the matrix elements contains un-negligible terms induced by continuum part of uū and cc loops, proportional to V * ud V ub and V * cd V cb [5] . These terms, should give non-trivial contributions and induce CP violation in the channel, that is also related directly with the length r as well as the angle γ of Cabibbo-Kobayashi-Maskawa (CKM) unitarity triangle in Fig. 1 . In this meaning, for example, the radiative B → X d γ decay is not so useful since it gives only information for the length x that have already been measured well by B 0 d −B 0 d mixing. On the other hand, in the b → s ℓ + ℓ − decay, the factor which we call CP violation factor (C 9 CP ) throughout this paper, is strongly suppressed due to the unitarity of CKM matrix.
On the other hand, non-perturbative effects in the rare B decays are tiny, less than few percents as shown in [3] by using heavy-quark effective theory approach 1 . In this meaning, generally rare B decays are clean processes to extract the CKM matrix elements. In the analysis, we also utilize the experimental value of B 0 d −B 0 d mixing which is usually called x d . Then, in principle, we can determine the angle γ of CKM unitarity triangle as an independent measurement.
The purpose of this paper is to give an independent measurement for the angle γ of the CKM unitarity triangle in the Standard Model (SM) by observating the channel with taking into account the q−dependence of γ − V transition in the long-distance (LD) contributions due to vector-mesons (V 's) [8] as well as the C 9 CP contribution. It is well known that including q−dependence of γ − V transition, which has not been considered in the previous papers, will reduce the background due to LD contributions [9] . Remark here that in a recent paper [10] , it is claimed that by keeping the photon propagator as −i g µν /q 2 , the LD background could be dominant, then makes it difficult to extract the short distance (SD) information.
However, we have re-checked that 1/q 2 dependence must be canceled by the vacuum polarization tensor Π µν which generally can be parametrized as ∼ (g µν q 2 − q µ q ν ) as a consequence of current conservation [4] .
This paper is organized as follows. First we briefly describe the non-trivial contributions due to resonances and continuums from uū and cc loops which induce the C 9 CP . Next we consider the phenomenological of the contributions as well as its relation with the CKM unitarity triangle. Before going to summary, the decay rate and asymmetries, i.e. forward-backward (FB) asymmetry (Ā FB ), CP asymmetry (Ā CP ) and lepton-polarization (LP) asymmetry (Ā LP ) in the process, are discussed.
Lastly, we give summary and discussion.
Resonances and CP violation factor contributions
The effective Hamiltonian in Eq. (1) describes both inclusive b → q ℓ + ℓ − decays by replacing q with s or d quarks respectively. In the SM, the QCD corrected Wilson coefficients enter in the physical decay amplitude above have been calculated up to next-to leading order (NLO) for C 9 eff and leading order (LO) for C 7 eff [6] , while C 10 does not receive any correction at all. Remind that the contribution of uū loop in C 7 eff is cancelled because of the GIM mechanism and the function in the magnetic moment form factor is proportional to (m i /M W ) 2 ∼ 0 for u and c quarks [11] . Otherwise, some corrections due to uū and cc continuums and the resonances of vector-mesons will enter only in the coefficient C 9 eff .
Before going to give an expression for C 9 eff , let us mention the operators govern the b → q u iūi processes, which are related with uū and cc loops,
after doing Fierz transformation. Here, u 1 = u, u 2 = c and the lower suffixes denote the color. For q = s, uū loop contribution has been neglected as done in [2, 6] , but for q = d the situation is quite different. The reason is, both operators above are
for the former channel, and
for the later one. λ is a parameter in Wolfenstein parametrization of CKM matrix [7] and the world average is λ ∼ 0.22 [12] .
Involving the continuum as well as resonances parts of uū and cc loops, and NLO QCD correction into the calculation gives,
where
Here the NLO QCD correction has been given by A. J. Buras et.al. in [6] , and
represents the O(α s ) correction from the one gluon exchange in the matrix element
Remark that we put the relative phase in C 9 res to be zero due to unitarity constraint in the Argand plot of the transition amplitude (P. J. O'Donnel et.al. in [8] ). On the other hand, F V (ŝ) is the Breit-Wigner resonance form,
The parameterf V (ŝ) which describes the momentum dependence of coupling strength
(0, 0) has been derived by K. Terasaki in [9] under an assumption that the vector-mesons are bound-states of the pair u iūi , that iŝ
is obtained from a dispersion relation involving the imaginary part of quark-loop diagram, while P V and P ′ V are the subtraction constants. Kinematically the above interpolation equation of f V is valid only for 0 ≤ŝ ≤m 2 V region. Forŝ >m 2 V region, we take same assumption with M. R. Ahmady in [9] 
. Then in principle, the ratio in Eq. (14) should be obtained from the known data of V production cross-section by off-shell and on-shell photons.
CKM unitarity triangle
Before going on examining the decay rate and asymmetries, let us give some relations in the CKM unitarity triangle as well as the numerical calculation for the auxiliary functions in the previous section. Especially it is worthwhile to see how large the contribution of CP violation terms in Eqs. (7) and (8) Table 1 : The values of parameters used throughout the paper.
Using Wolfenstein parametrization [7] , one can draw the unitarity triangle as Fig.   1 and then rewrite the CKM factor as,
where, r 2 = ρ 2 + η 2 is the length of one side of the triangle and γ = arctan(η/ρ) is one of the angle. As mentioned before, from Eqs. mixing process, that is x d = 0.71 ± 0.07 [12] . From the CKM unitarity triangle, the length r can be expressed as,
where x is the length of opposite side of r and given as,
with [13] ,
For the QCD correction factor η QCD , we will use η QCD = 0.55, while the world aver- 
, ω which fit the data on ρ, ω and ψ well [9] . This is also the reason why we do not consider resonances higher than ψ ′′′ . Then we obtain the values of P V as written in Tab. 2. Otherwise,f V (m 2 V ) can be obtained from the data on leptonic width [12] , that iŝ
thenf V (0) would follow respectively as written in Tab. 2.
Now, we are ready to analyze the decay rate and asymmteries in the channel.
Decay rate and asymmetries
The double differential decay rate for semi-leptonic B → X q ℓ + ℓ − decay, involving the lepton and light quark masses, can be expressed as,
with respect to the b−quark direction in the dilepton CM system and the normalization factor,
is to reduce the uncertainties due to m b and CKM factor, and in our notation it would 
Decay rate
As a first step, let us consider the dilepton invariant mass distribution of the differential branching-ratio (BR) that is obtained by integrating Eq. (22) over the whole
This gives the differential BR as follows,
The distributions of differential BR on dilepton invariant mass for B → X d e + e − are given in Fig. 3 . The large dependence on x is mostly coming from the overwhole CKM factor in Eq. (23), while the dependence on γ is significant only in the loŵ s. Thus, in the highŝ region the differential BR may be a good test for x and then Remind that, on the other hand the hadron matrix element in the inclusive B decays are theoretically under controlled. Anyway, we have also checked that the q−dependence of resonances in the channel is not as large as the case of B → X s e + e − as pointed out by M. R. Ahmady in [9] . There is only ∼ 4% reducement compared with usingf V (m 2 V ) for all region. Next, we are going on examining some measurements that are sensitive to γ and less sensitive to x. This may be provided by considering the asymmetries and normalizing them with the differential BR, so the CKM factor proportioned to x will be cancelled. 
Forward-backward asymmetry
First, we provide the FB asymmetry. The normalized FB asymmetry is defined as follows [14] ,Ā
Then, after integrating Eq. (27) properly, the nominator reads,
In Fig. 4 , we plot the differential FB asymmetry with and without the resonances in the left figure, while in the right one with varying γ and keep x to be constant.
CP asymmetry
By doing same treatment as done in [5] in the amplitude level, the normalized CP asymmetry can be written simply as,
where B andB denote the BR of theb → q ℓ + ℓ − and its complex conjugate b → q ℓ + ℓ − respectively. For convenience, let us divide C 9 eff to be two terms according to the factor V * uq V ub /V * tq V tb as below,
Then, the result for differential CP asymmetry is,
In Fig. 5 , we give the distribution ofĀ CP in the dilepton invariant mass (left 
Lepton-polarization asymmetry
Until now, we are considering the measurements that are less sensitive to the lepton mass. Next, let us going on providing the LP asymmetry which must be considered 
with n is a unit vector of any given spin direction of ℓ − in the ℓ − rest frame. Then, for the longitudinal polarization, that is n has same direction with the momentum
However, for τ + τ − final state the dependence on γ is tiny. This is because, as shown in Fig. 6 , in the channel there is only the distribution forŝ > (4m 2 τ ), while generally the large dependence is expected for lowŝ. It is obvious that the situation in the present case is similar as in the FB asymmetry by comparing Eqs. (29) and (35). So it may be interesting to consider the transversal polarization, that has different structure (F. Krüger et.al. in [15] ). Unfortunately, we have also checked that the measurement of transversal lepton polarization asymmetry is too small for light dilepton like µ + µ − , then we must consider τ + τ − that the distribution is limited for higher region ofŝ which should not be altered by varying γ as mentioned above.
Summary and discussion
We have shown how to extract the angle γ of CKM unitarity triangle by the inclusive B → X d ℓ + ℓ − decay as well as the data of x d in the SM. From the channel it is possible to get independent information to examine the unitarity triangle. The information should be very important to test the SM as well as determine the discrepancies between the theory and the experimental data that may open the window to beyond the SM.
As results, finally we can make some points as below.
1. For lowŝ region, i.e. 0.1 <ŝ < 0.3, 5 ∼ 10% discrepancies in the B(B → X d e + e − ) andĀ LP (B → X d µ + µ − ) may be good signals for the CP violation factor defined here.
2. From the fact that the dependence of γ in the highŝ region, i.e.ŝ > 0.6, is tiny, a precise measurement of x d can also be done by exploring one of the measurements discussed in the present paper in addition to the present data from B 0 d −B 0 d mixing and the future radiative B → X d γ decay.
3.
A trivial CP violation asymmetry in B → X d e + e − should measure the dependence on γ. It will, at least, be a good probe to determine the sign of the angle γ.
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